

lET LABS, INC in the GenRad tradition 

www.ietlabs.com 

534 Main Street, Westbury, NY 11590 TEL: (516) 334-5959 • (800) 899-8438 • FAX: (516) 334-5988 



























THE GENERAL RADIO 

)(P[RIM[NI[II 

CmO~GfNIIAl RADIO COMPANY, WEST CONCORD, MASS., U.S.A. 


Published Monthly by the General Radio Company 
VOLUME 34 • NUMBER 4 APRIL, 1960 

CONTENTS 

Impedance Comparator Adaptable to Many Kinds of 

Measurements and Tests. 3 

The Type 1605-AS2 Impedance Comparator. 6 

Stability Records of InductarKe and Capacitance 

Standards. 7 

Correction — Los Angeles Office. 8 

Minimum Billing. 8 



The General Radio EXPERIMENTER is mailed without charge 
each month to engineers, scientists, technicians, and others 
interested in electronic techniques in measurement. When 
sending requests for subscriptions and address-change 
notices, please supply the following information: name, 
company address, type of business company is engaged in, 
and title or position of individual. 


COVER 



VITRAMON,* liK., ut«« 
lmp«donc« Comporolor for 
comprohonftiv* mooturo- 
monit on tfotisNcol tomploc 
from ooch production lot of 
copocitors. 


GENERAL RADIO COMPANY 

West Concord, Massachusetts 

Tt/opfionor (Concord) fMorion 9-4400/ (Boston) Cloorwotar 9-8900 


NEW YORK: Brood Avonuo at Lindon, RidgoAold, Now Jortoy 

T^t^phon9 — N. y., worth 4 2772 
N. i., WHifnoy 3.3t40 

CHICAGO: 6605 Wott North Avonuo, Oak Pork. Iliinoit 

To/ophono— Village 8-9400 

PHILAOEIPHIA: 1150 Yorli Rood, Abington, Ponntylvonlo 

Tolophono — HAncock 4-7419 
WASHINGTON: 8055 13lh St., Silvor SpHng, Morylond 

Telephone ^ JUtuper 5-1088 

LOS ANGELES: 1000 North So word St.. Lot Angolot 38. Collf. 

Telephone — HOIlywood 9-6201 
SAN FRANCISCO: 1186 Lot Altot Av#.. Lot Altot. Collf. 

Telephone — WHttechff 8-8233 
CANADA: 99 Floral Parkway, Toronto IS, Ontorlo 

Telephone — CHerry 6-2171 
REPAIR SERVICES 


EAST COAST: 

NEW YORK: 

MIDWEST: 

WEST COAST: 

CANADA: 


Gonorol Rodio Co., Sorvico Dopt., 77 Bokor Avonuo, 
Wotl Concord, Mott. 

Telephone — Concord, BMenon 9-4400 
Botfon, Cloorwofor 9-8900 
Gonorol Radio Co., Sorvico Dopt., Brood Avo. ol 
lindon, RidgoBold, Now Jortoy 
Telephone^ N. Y., WOrth 4 2722 
N. i., WHitney 3-3740 

Gonorol Radio Co., Sorvico Dopt., 6605 Wotl North 
Avo., Oak Pork. Iliinoit 
Telephone — Village 8-9400 

Gonorol Rodio Co., Sorvico Dopt., 1000 North So word 
Stroot, Lot Angolot 38, Collf. 

Telephone — HOIlywood 9-6207 

Boyly Enginooring, Ltd., Firtt St., Ajas, Ontorlo 

Telephone — Toronlo EMpire 2-3747 



lET LABS, INC in the GenRad tradition 

www.ietlabs.com 

534 Main Street, Westbury, NY 11590 TEL: (516) 334-5959 • (800) 899-8438 • FAX: (516) 334-5988 















3 


APRIL, 1960 


IMPEDANCE COMPARATOR ADAPTABLE TO 
MANY KINDS OF MEASUREMENTS AND TESTS 


“Double-cluty*^ instruments that pro¬ 
vide laboratory aecurafy in production- 
line testing, as well as production-tost 
speed in lal>oratory measurements, are 
univereally welcomed. The General 
Radio Type 1()05-A Impedance Com¬ 
parator has prove<l to be just this typo 
of instrument and it has, tinu* and again, 
proved its versatility and adaptability 
in a variety of applications throughout 
the electronics industry. 

The Impedance Comparator indicates 
directly the impedance dilTerence be¬ 
tween a standard and an unknown and 
eliminates the tediou.snes.s of manual 
bridge balancing. Many of the limit- 
bridge pretlecessors of the Imiiedance 
Comparator operated at a fixe<l low 
frequency, which limited their sphere of 
application. The G-R Impedance Com¬ 
parator not only has a built-in oscillator 
providing 100-c, 1-kc, 10-kc, and 100-kc 
operation but, in addition, incorporate.s 
features wliich allow a much gr(*ater 
degree of precision and considerably 
more versatility than do previously 
available instruments. 

Basically, this instrument* is a self- 
containe<l impe<Iance meavsuring system 
comprising a signal source, a bridge, 
and a detecting circuit (Figure 1). The 
bridge circuit consists of the staiulanl 
and unknown external imjiedances, which 
are to be compared, and two highly 
precise transformer-type unity ratio 
arms. The voltages across these ratio 
arms are ecpial within one part in a mil¬ 
lion. Hence the accuracy of the imped¬ 
ance measurement depends primarily 
upon the accuracy of the external stand¬ 
ard used. Detector sensitivity piTmits 

Ulohjc. M C.. nnd Hall. 11 P A llinh I're<*wioii Im- 
pt^lance Comparator,” (irntr'il Ritdio Exprrimrnltr, V'ol. 
:t0. No. II. l‘>o« 

*.Seo page <1 for a panel view of the Comparator. 


impefJance-ilitTerence measurements to a 
precision of 0.01% and phase-angle dif¬ 
ference measurements to 0.t)00l radian. 
Tlie meters, whicli indicate impedance 
difference and phase-angle difference, 
can be read at a glance.* 

Laboratory Accuracy, Production Speed 
From One Instrument 

Tlie many appli<*ations of the G-H 
Impeilance Comparator in industry well 
illustrate the instrument's versatility. 
.\ typical use is that at Vitr.amon,® 
Inc., t>f Bridgeport, Connc*c*ticul, manu¬ 
facturers of porcelain-dielectric capaci¬ 
tors. \’iTH.A.Mo.\ uses the Comparator to 
determine the temperature coefficients 
of their capai'itors. The temperature 
of a sample capacitor is varied from 
—o5®C. to 20n°C. while bridge nwlings 
are taken periodically at a number of 
temp€*ratures. From these ilata, a jilot of 
percent deviation of (capacitance versus 
temperature is obtainiHl, the slope of 
which is the temperature coefficient. The 
inherent ability of tlie ImpiMlance Com¬ 
parator to make measurements without 
manual balancingor readjust mentand the 
built-in guard circuit, which eliminates 
the effect of lt*ad capacitance, enable Vi- 
TK.AMON to olitain the de'sired lalioratory 
accuracy at a speed heretofore unattain¬ 
able i)y conventional test methods. 


Figure 1. Block diagram of (he Type 1605-A Imped- 
once Comparator. 
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Figur« 2. S«mi>Automotic T*st*r at B«ndix Radio 
Division, Bondix Aviation Corporotion. 


On tlio f)r(Klii(*ti()ii whrrc sjkhxI is 
f*s.scntial, tin* Impodancr C’Diiipiinitor has 
h<M*oni«* a \ iTKAMtiN \vorkh<»rsr. I 'sctl 
in conjiiiu*tinn with a slaiwlani capacitftr, 
I Ilf liriiljrc ponnits 100% clifcks nf ca¬ 
pacitor prodnctain lots, :ls o[)posfd to 
thesis)t testing, without incn^jisi* in lalM»r 
costs, 'riiis ^o-nit-^o ty|H‘ of t<'st is made 
with an accuracy of the ord(‘r of 0.1% 
for lM>th capacitance and phase un^le. 

Semi-Automatic Sorting 

Wh(‘n enffinoers of Hendi.x Radio 
Division of Hendix Aviation (’orpora- 
tion, Haltiinore, Maryland, nofMicM a 
‘Mirain’* for th<‘ir Semi-.\utomatic Titter 
(Fipurc 2), they chose a Tvei*: HiO.V.V 
Irnpetianct' (Vnnparator. riii* Serni- 
.\utomatic T(*ster, whii*h can check all 
coin]>oiieiit.s mi a printOil-<*ircuil suit- 
assembly and thus verify adecpiacy, is 
manufactureii uiul(‘r subcontract for 
IBM and the TnitiNl Slates Air Force. 

Here is how lhaidi.x put the Com¬ 
parator Itt wftrk: the Imp^lance C‘om- 
parator ftanel nK^lers were disconnected. 
The meterinp voltaRcs, proportional to 
impeiJance-ma*rnitud<* dilTereiice (in per¬ 
cent) aii<l phiLsi'-aiiKle dilTerence (in 
radians), are araplifieil by the tester and 


compared to allowable tolerances. 
Printed-i'ircuit components which pro¬ 
duce voltaK(*s in exet^ of pre-set toler¬ 
ances are automatically rejecteil. Built- 
in relays pcTinit automatic switching of 
Comparator impedance ranges by a re¬ 
mote puncheii-card programmer. With 
automatic programming, testing rate is 
one measurement per second! 

Here are a few reasons why liendix 
us(‘s the lm|K*dance C'omparator: it in¬ 
dicates both im|>edance magnitude and 
phiise angle without knob twiddling; it 
provides d-c voltages proportional to 
percentage deviation from a standard: 
it hiLS exci'llent guard circuitry which 
permits the long cable runs usually neces¬ 
sary in automatic e(|uipment; and it 
coinbiiu^ a wiile imfXMiance range with 
high mejisurement accuracy. 

Environmental Testing 
.\n inU'rc^sting application evolved ^ 
from Inland Tc»sting Laboratories’ neetl 
to make environmental reliability tests 
on a large number of capacitors. 1'he 
automatexi instrumentation system (Fig¬ 
ure 3), built at their Morton Clrove. Il¬ 
linois. plant to accomplish this measure¬ 
ment. incorporates the d'YPK IliO.j-A 
lm|KMlance C omparator. The system 
measures and rwonls, in sequence, in¬ 
sulation n'sistance. capacitan<*e, and 
phiuse angle of many thousands of ca¬ 
pacitors of s«»veral ty|M‘s, each opiaating 
at a dilTerent voltage level and lem|)er- 
ature. These capacitfirs are housetl in 
two large compartmentalized environ- 
miMital test chamIxTs. The instrumen¬ 
tation system is remote with respect to 
the com|M>nents in tlx* chamber. 

The Typk 1IU)5-A Impedance C’orn- 
parator, which is the hi*art of this in- 
tricaU* test apparatus, servL‘s as the ^ 
measuring device for capacitance and 
loss measurements. Comparator meter- 
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Figura 3. Inland Tatting Laborotoriat uta lha Irnpad* 
onca Comporater in an automatad intfrtimantation 
tytfam for anvironmantal raliabiiity tattt on capocL* 
tors. 

iiiK voltages are fed into a digital volt¬ 
meter and are converted to digital form 
for puncliet 1-card recordings. The data 
so recorded will provide detailetl statisti¬ 
cal information concerning reliahility 
and life cycle's of capacitors o|K*rating 
under various voltage and environ¬ 
mental conditions. 

A Research Tool 

Measurement of small dielectric 
chaiigt's of gasi’s requires a precision 
that ta.xes the resources of even tlu' most 
sensitive imp<*<lance-mea.suring device. 
Professor U. II. Cole* of Brown Univer¬ 
sity askixl the General Radio Company 
to motlify a Type l(K)r>-A Impcxiance 
CftmpanUor so that it wouhi have an 
impedanccMlifference sen.sitivity w'veral 
times that of the catalog mo<lel. He 
wished to make measurements of small 
dielectrii; constant changes of gases and 
of dilute solutions. Although these 
measurements are usually made by 
heterodyne resonant circuit or resonant- 
cavity methcMls. the Impeflance Com- 

K’ol*. tl It . '• Methods for Dielectric M«i»urrnieni of 
Flutdii.*' N’ntinnid \radefny of .Sriencro — Nmionul Re¬ 
search Coonril Conference on Electrical Indulntion. 
Vnntial Report 

Figure 4. Circuit used for meoturamanl of small 
changes in dielectric constant. 


para tor won out l)ecause of its advan¬ 
tages of simplicity t)f openition, its free- 
tlom from lead capacitance and other 
stray efTects, and its ability to operate 
at frequencies below 1(X) kc. 

The phase-sensitive detector circuits 
are stable and (juiut enough to permit 
further modification of the instrument, 
so that, with an external detector, the 
usfible sensitivity is one part per million! 

In order to aceompli.sh these meas¬ 
urements, Professor Cole constructed 
the circuit shown) in Figure 4. The com¬ 
parison method usc»fl for gases consists 
of tw'o identical cells which are 8 ()-pf 
three-terminal parallel-plate capacitors. 
DilTerences in capacitance, when cell I 
is filled with tlu* gas of interest, and cell 
II with a reference gas or vacuum, are 
balanced by the capaiitance wye net¬ 
work Ca^'b('c- The variable capacitors 
(’ 4 and Cb are gangetl in op|>osition, .so 
that rotation gives a linear shift of refer¬ 
ence capacitor fVfrom the elec-trical mid- 
]>oint. Value's of fV* are chosen to give 
0.5-, 5-, and oR-pf full-scale deflection. 
Data obtainofi for such gases as nitro¬ 
gen, argon, and carbon dioxide are con¬ 
sistent to ten parts paa* million or better. 

These are but a few^ of the many ap¬ 
plications in wiiich the Im|>edance Com¬ 
parator has demon.strate<l its u.sefillness. 
It Is truly a universal instrument; one 
wiiich meets both the laboratory crite¬ 
rion of accuracy and the production 
criterion of speed. 

— How ard P.vinter 


GR IMPeOANCE 
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THE TYPE 1605-AS2 IMPEDANCE COMPARATOR . 


Ill the preceding article, mention was 
made-of a modification of the Impedance 
Comparator to give a higher degree of 
resolution than the standard model. 
While the full-scale standard ranges of 
10%, 3%, 1%, and 0.3%, with corre¬ 
sponding ranges for phase angle, are 
adequate for most uses, there are always 
applications where increased sensitivity 
is de.siral)le. 

In our own laboratory, for instance, 
it soon became apparent that, while a 
sensitivity of 0.003 full scale for dis¬ 
sipation factor is useful, an increase in 
s<aisitivity by a factor of 3 to 0.(K)1 
would vastly enhance the usefulness of 
the instrument. For example, with a 
sensitivity of 0.003 full scale, the dissi¬ 
pation facitor of good capacitors made 
of low-loss materials such as mica, teflon, 
or polystyrene, although detectable, 
represents extremely small-scale de¬ 
flections. With 0.001 full-scale reading 
on the other hand, sufficient deflection 
is obtaineii so that the instrument can 
be used for the sorting of high-quality 
silvered mica films. Sele(!tion for ca¬ 
pacitance value and rejection for high 
di.ssipation factor can both be accom¬ 
plished rapidly. A number of such in¬ 


struments of increavsed full-scale sensi¬ 
tivity have been supplied and are now 
being manufactured in limited produc¬ 
tion quantities. 

Since any well-designed instrument 
represents a compromise between numer¬ 
ous economic and technical factors, it is 
rarely possible to increase performance 
in one re.spect without sacrificing in 
some other characteristic. In the Im¬ 
pedance Comparator the increased sensi¬ 
tivity is obtained by an increase in the 
low-rt^sistance limit of measurement and 
by elimination of the 10% deviation 
ranges. Neither compromise is neces- 
.sary on a tc<‘hnical basis, but is arrivixl 
at rather on an economic basis. The im¬ 
pedance limitation comes about from 
the fact that the increased sensitivity is 
most readily obtained by a change in the 
turns ratio of the bridge transformer. 
Since the av'ailable power from the in¬ 
ternal oscillator is not changed, the in¬ 
crease in the measurable impedance 
naturally follows. Similarly, the elimina¬ 
tion of one range to make room for the 
new range is dictated by the mechanical 
considerations of switch design, avail¬ 
able space, and panel layout. 

— I. G. Easton 


Panel view of the Type 160S-AS2 Impedance Comparator. 




lET LABS, INC in the GenRad tradition 

www.ietlabs.com 

534 Main Street, Westbury, NY 11590 TEL: (516) 334-5959 • (800) 899-8438 • FAX: (516) 334-5988 














7 


APRIL, I960 


SPECIFICATIONS 


Imp^danc* Rangtt: Rcfliiitancc or impfHlance 
ma^iitucle: 2012 tA» 20 Mil. Cuparitaneo: 40 fifj 
ti) so aO 0.1 with rodiiml sensitivity. 
Inilurtaiier: 200 ph f>o 10,000 h. 

InUrnal OtciUeter Fr«qu«nci»ft: 100 C, 1 kc, 10 kc, 
100 kc; lUl ±3%. 

M«f*f Ranges: Impedance Maffiiitude Differ 
ence: ±0.\%t ±1%, d:3% full scale. 

(Can be adjusted for maximum of 50%.) Phiise 
Angle Difference: ±0.001, ±0.(X)3, ±0.01, 
±0.03 radian full tM!tUo (equal to dissipation 
factor on lowest ranges). 

Accuracy of Oifferanco Readings: 3% of full scale; 
i.e., for the ±0.3% iimx*dance-difference sciUe, 
accuracy is 0.009% of the imp«‘dance magni- 
tudr being mcasun^. 

Voltage Across Sfondord and Unknown: ApproX. 
I volt. 

Accessories Supplied: Type CAP-35 Power Cord, 
telephone plug, extcmal-meter plug, adaptor 
date assembly (fits panel terminals) and span' 
ms's 


Tube Complement: 1-5051 5-12ATT 

1-5751 3-0U8 

3- 12AX7 1-0AS7G 

4- OAL5 I-3A10 

1-VE65A-1 

Power Supply: 105 to 125 (or 210 t«» 250 i V(tl(s, 
50 t<» 60 cycles; alxiut 100 watts input at 115 
volt.‘{. Instrument will o|K‘rate satisfactorily on 
power-supply frt‘r|ueneies up to 400 cy<*les, pro¬ 
vided that the supply voltage in at leaist 115 
volts. 

Power input reccptaide will accept cither 2- 
wire (Type CAP-35) or 3-wire (Type CAP-15) 
jKtwer cord. Two-wire cord is suppliid. 

Mounting: Rel.av-rack panel with c.abinet; Type 
ll*»05-.*\R has ffttiiigs to jtermit either in.stru- 
nieiit or cabinet to be removed from rack with¬ 
out disturbing the oth(»r; Type 1605-AM has 
end .supp<irts for table or bench use. 

Dimensions: P:uiel, I9x8?4 inches; depth behind 
panel, 12 inches. 

Net Weight: 29^ |>OUnds. 


7’i//w Price 


160S-ARS2 Impodance Comporotor (reloy-rack mounting).i $92S.CX) 

1605-AMS2 Impedance Comparator (bench mounting).| 925.00 

U. S. Patent No. 2.548.457. 


STABILITY RECORDS OF STANDARDS OF 
INDUCTANCE AND CAPACITANCE 


The data showni in the accompanying 
plots will be of considerable interest, to 
all who use Gonoral Radio standards of 
inductance and capacitance. 


Figure I .shows a six-year record of 
measurements on a capacitor of the 
1409-t\^>o, having a nominal capacitance 
of 0.1 /if. In this ijeriod, three ineasure- 
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merits of the capacitor were made by the 
National Bureau of Standards, and three 
were made in the General Radio Labo¬ 
ratories in terms of NBS-calibratcd 
standards. The total spread of 0.0075% 
for all measurements in this six-year 
period is indicative of the stability of the 
capacitor. 

Figure 2 is a record of NBS measure¬ 
ments over a niruyyear perioil of one of 
General Radio’s 0.5-henr>' reference 
standards of inductance. The total spread 
is ±0.0075%. 

Figure 3 is the record of General 
Radio’s measurements of a 1-henry 
standard inductor Typk 1482-P, rt*- 
tunnHl to us each year for recalibration. 
The total spread over a six-year period 
is ±0.005%. 

Figure 4, a record of measurements 


on a 10-mh Type 1482-11 Standard In¬ 
ductor, is of particular interest because 
it includes measurements made by na¬ 
tional laboratories in three countries, 
the National Physical Laboratory in 
England, the National Re.search Council 
in Canada, and the National Bureau of 
Standards in the United States. Three 
measurements by General Radio are 
also included. The total spread in these 
measurements is ±0.01%, a remarkable 
agreement when we consider that the 
measurements include any drift which 
might occur over a 4 to 5-year period, 
plus a round trip across the Atlantic, 
another to Canada, and a third to Wash¬ 
ington. 

All measurements in these plots have 
been correct(*d to a temperature of 
20.5 ®C. 



LOS ANGELES OFFICE 
— CORRECTION — 

The editor offers his apologies to Mr. Kenneth Castle, 
sales engineer at our I^s Angeles office, whose name aiul 
photo were omitted from the list in the March issue of 
the Experimenter. Mr. Castle, whose photo is shown 
herewith, is very much a part of our Los Angeles staff. 


MINIMUM BILLING AND INSPECTION CHARGE 

We find it necessary to put into effect as of May 2 , 1960, a minimum 
billing amount of $10.00 applicable to all orders except those for repair 
parts or for cash sales. 

Should Government or other Source Inspection be required, there is a 
surcharge of 1% with a minimum of $2.50 per shipment. 


General Radio Company 
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